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Abstract 

The forward-backward multiplicity correlations in two windows separated in rapidity 
'. and azimuth are analyzed in the framework of the model with independent iden- 

tical emitters (strings). Along with the long-range contribution, originating from 

■ the fluctuation in the number of emitters, the short-range contribution, originat- 
ing from the correlation between multiplicities produced by a single emitter is also 
taken into account. The dependencies of the correlation coefficient on the rapidity 
and azimuthal acceptance of the windows and on the corresponding gaps between 

[ windows are studied. It is shown that the analysis of these dependencies enables to 

separate the contributions of two above mechanisms. 

1 Introduction 

In the multiparticle production in pp and AA collisions at high energies one can study the 

■ so-called forward-backward (FB) correlation between multiplicities n F and n B of charged par- 
ticles produced in two windows ( "forward" and "backward" ) separated by some rapidity and 

jy-} . azimuthal gaps. We consider this correlation in the framework of the model with independent 
t^- 1 emitters [U El E] , suggesting that they are strings. 

In contrast with AA collisions in the case of pp collisions in the first approximation one 
can neglect the effects of the interaction between strings and consider them as an identical 
emitters at least in the central rapidity region, where each string contributes to the particle 
J> . production in the whole rapidity range of the region. 

In previous paper |3] we have considered only the long-range (LR) part of the correlation, 
originating from the fluctuation in the number of emitters. In the present note we also 
take into account the short-range (SR) contribution, originating from the correlation between 
multiplicities produced by a single emitter. 

For the FB correlation coefficient b one uses the following definition: 

b = (wgng) - (rag) (n F ) 

which for symmetric FB windows is equivalent to 

= (n B n F ) - (n B ){n F ) = jn B n F ) - (n B )(n F ) 
D nv (nl) - (n F y 



(N 



(2) 



(see also the discussion in jl]). We use the notation D n for the variance and u n for the scaled 
variance of the ra: 

D n = (n 2 ) - (n) 2 , uj n = ^- (3) 
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Similarly one can define the correlation coefficient /3, which characterizes the property of 
the emitter - the correlation between multiplicities /i F and jj, B , produced by a single emitter 
in the forward and backward windows: 



which for symmetric FB windows is equal to 



_ ^B^F ^B^F _ ^B^F ^B^F /r\ 

P ~ D ~ 772 ' [b) 

^tip Hp H'F 

2 The model 

In the model with independent identical emitters pQ one assumes that P{n B , n F ) - the proba- 
bility to observe simultaneously the n F charged particles in the forward rapidity window and 
the tib particles in the backward one is given by the expression: 

JV 

P(B,F)=Y,w(N) £ £ 8 BBl+ ... +BN S FFl+ ... +FN l[p{B i ,F i ) , (6) 

N B U ...,B N Fi,...,F N »=1 

where we have used short notations: 

F = n F , B = n B ; F, = j/ F , -Bj = //# 

In the formula the w(N) is the probability to have iV emitters in the given event and the 
p(Bi, Fi) is the probability that z-th emitter produces the F, charged particles in the forward 
rapidity window and the Bi particles in the backward one. 

In the case of the long-range correlations considered in the previous paper [I] with a 
sufficiently large rapidity gap between windows one could assume that the every emitter 
(string) produces particles independently in the forward and backward windows (p(Bi, Fi) = 
Psi^Bi) p F (Fi)), but in the present paper dealing with FB correlation we will not suppose this 
factorization. Then acting as in [I] we have 



(n 



B n F ) = (BF) = J2BF P(B,F)= (7) 



B,F 

N 

= $>(JV) £ Yl {Bi+...+B N )(F 1 +...+F N )Hp(B i ,F i ) = 

N Bi,...,B N Fi,...,F N i=l 

= Y,w(N)[NjI B -p- F -+(N 2 - N)JI B JI F ] = (N) (jr B ~jT F ~ — ~p B ~p F ) + (N 2 )JI B JI F , 

N 

where we have used that for identical emitters at any i: 

B i p(Bi, F^ = -p B , F i P( B i, Fi) = Jl F , B % Fi p{B h Fj) = JT^ . 

Bi,Fi Bi,Fi Bi,Fi 

By (J7J) the enumerator of (JIJ) can be written as follows 

(n B n F ) - (n B ) (n F ) = (N) (/J^ - ~PbPf) + D N JI B JI F ( 
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and in the denominator of (CQ) for variances D n and D n we have the same expressions as in 
ED: 

D np = (N)D^ + D N JI 2 F , D nB = (N)D, b + D N JI 2 B . (9) 

Below we'll consider only the case with symmetric FB windows of the same acceptance in 
rapidity and azimuth: 

Ay B = Ay F = Ay , A<p B = A Vf = Aip , (10) 

which are separated by some gap y gap in rapidity and <p gap in azimuth. Then the distance 
between the centers of this FB windows in rapidity and in azimuth is equal to 



Jgap 1 t> ' t 'gap 

In this case 



V = Vgap + A V > <P= ¥gap + A ¥ ■ ( U ) 

M = (n F ) = (n) , D Ug = D Up = D n (12) 

and 

~Pb = ~Pf=T i , D v B = D v F = D p ■ (13) 

For symmetric windows the formula (jSJ) leads to the following expression for the FB 
correlation coefficient b: 

b=^, (14) 
1 + a 

where (3 is given by (j4j) and a is equal to 

Dn Dn 
a = — n , u N = -— , w M = — . (15) 

"ft ( N ) V 

Recall that (N) is the mean number of emitters (strings), the /J is the mean number of 
charged particles produced in the given acceptance AyAip by one emitter, and are 
the corresponding variances. In the central rapidity region one can also consider that 

J 1 = Vo A y A( P/ 27T > ( 16 ) 

where /x is the average rapidity density of the charged particles produced by one string in 
this region. 

Clear that in the case (3 = 0, i.e. without correlation between multiplicities fi F and [i B 
produced by a single emitter in the forward and backward windows (p|J, we come back to our 
formula 

(17) 



<LR 



1 + a 1 

obtained in (2j EJ H] for the long-range correlation. So we can rewrite ( fT4l) as 

b = b SR + b LR , 

where 

(19) 



1 + a 
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3 Long-range correlation for poissonian emitters 



Usually one supposes [TJ El E] the poissonian distribution of charge particles produced by one 
string in the given azimuth and rapidity acceptance AyAip. In this case = 1 and by ([15]) 

a = cun~P = UN^AyAip /2n = aAyA(p/2n , (20) 

with 

a = u N fi . (21) 

Note that the fluctuation in the number of strings in pp and especially in AA collisions [6] is 
not poissonian and hence ^ 1. Its value depends on the collision energy. Recall also that 
/i is the average rapidity density of the charged particles produced by one string. 

By (TIT]) and ( 120]) we see that the strength of long-range correlation b LR , originating from 
the fluctuation in the number of emitters, depends only on this one parameter a and the 
acceptance AyAip of the windows: 

1 + aAyAip/2-K v ' 



4 Short-range correlation 

Contrary to the LR contribution (122]) the strength of the short-range correlation b SR (I19p 
depends also on the property of the emitter, namely it is proportional to the correlation 
strength /3 between multiplicities fi F and fi B , produced by a single emitter in the forward and 
backward windows (jSJ). The strength /3 of the correlation depends on the details of the string 
fragmentation into hadrons. 

In Schwinger mechanism the string breaks into the pieces by the creation of the quark- 
antiquark pairs. In very first approximation one can consider that the string decomposes into 
the segments of the same length y in rapidity. This assumption is consistent with the fact of 
the homogenous rapidity distribution of produced charged particles. Each z-th string segment 
has some transverse momentum p^, which is equal to the sum of the transverse momenta of 
the quark and antiquark at its ends 

Pi = Pf + pf • (23) 

Further fragmentation of the string segment of the length y with the transverse momentum 
Pj into hadrons goes through the formation of the minijet and the decay of resonances. If the 
particles from the fragmentation of the same minijet (same string segment) are registered in 
both our windows (forward and backward), then we'll have the additional short-range near 
side correlation with some characteristic length in rapidity y\ and width <pi in azimuth. 

The additional away side correlation will also take place. It arises because of the transverse 
momentum conservation in the process of the quark-antiquark pair creation. Due to this 
reason we have 

P? = -Pf-i , Pf = -Pf+i • (24) 

But because we have to add some arbitrary momentum p^_ x to the momentum p?_ 1 to obtain 
the transverse momentum of the (i-l)-th string segment and some arbitrary momentum p^ +1 
to the momentum pf +1 to obtain the transverse momentum of the (i+1 )-th string segment 

Pi_i = p£_! + pf_i , p i+ i = p^+i + pf+i , (25) 
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Figure 1: The forward-backward (FB) correlation coefficient b (j2j), with taking into account 
the long-range (LR) and short-range (SR) contributions, calculated by formulae (ITS]) . ( TT9l) . 
( 1221) and ( 1261) . for the windows acceptance Ay = 0.2 and Aip = 7r/4. 



we expect in the away side the two broader (than in the near side) correlation peaks displaced 
on the ±?/o m the rapidity with the characteristic length y 2 > y\ in rapidity and the width 
(f2 > fi m azimuth. 

Such behavior of the (3 - the correlation coefficient between multiplicities fj, F and n B , 
produced by a single string in the forward and backward windows (J5J) - can be modeled by 
the following function, 

_N -4 / l«-W)l l«+»ol \ 

(3 = /3(y 7 (p) = aie vie v i+a 2 {e w +e »2 e v 2 , (26) 

which depends on the distances y and p between the centers of our FB windows in rapidity 
and in azimuth ( fTTl) . We imply that ip G [0, 7r]. If <y9 sap + Ay9 > 7r, then we consider that 
V? = 2tt- (w + Aip). 



5 Behavior of the resulting FB correlation strength 

An example of the resulting behavior of the FB correlation coefficient h (T5]) as a function of the 
distance y between the backward and forward windows in rapidity with taking into account 
the LR and SR contributions, calculated by formulae ( !T8|) . ( IT9l) . ( |22|) and ( l26l) at the different 
values of the distance ip between the windows in azimuth, is presented in Figfl] for the FB 
windows acceptance Ay = 0.2 and Aip = tt/4 at the following values of the parameters: 
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a = 2.1, yo = 0.9, 

ai = 0.06, j/! = 0.55, p> x = 1.0, 

a 2 = 0.01, y 2 = 2.0, p> 2 = 2.0. 

In Fig{T]we see that even at the rather small value of the acceptance AyA<p/2iT = 0.2/8 = 
0.025 the contribution of the LR correlation mechanism is the dominating one. 



6 Conclusion 

By the formula fjX4jl we see that there are two contributions to the forward-backward (FB) 
multiplicity correlation coefficient b (T5]). 

The long-range (LR) contribution ffTTj) originates from the fluctuation in the number of 
emitters. This contribution depends only on the one parameter, which by ( 1201) is proportional 
to the scaled event-by-event variance of the number of emitters and the mean number of 
charged particles produced in the window by one emitter. This results in strong dependence 
of the LR contribution on the window acceptance AyAip (f22|) . 

The short-range (SR) contribution ([19]) originate from the correlation between multiplic- 
ities produced by a single emitter ([5]). Its strength (3 (|26|) as discussed in SecJU depends on 
the distances y and (p between the centers of the backward and forward windows in rapidity 
and in azimuth fill I) . 

So we conclude that the analysis of the dependencies of the forward-backward (FB) mul- 
tiplicity correlation coefficient b (J2j) on the acceptance AyAip and the distances y and (p 
between the backward and forward windows in rapidity and in azimuth enables on the base 
of the relation (JTJJ) to separate the contributions of the SR and LR mechanisms. 

The author thanks M.A. Braun, G.A. Feofilov and I. Altsybeev for useful discussions. The 
work was supported by the RFFI grant 12-02-00356-a. 
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